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PREPARATION OF INTERMEDIATES IN THE SYNTHESIS 



OF QUINOUNE ANTIBIOTICS 



Background of the Invention 



This invention relates to novel processes for the preparation of intermediates in 
the synthesis of the quinoline antibiotic 7-(1o,5o,6a}-(6-amino-3-a2abicyclot3.1 .0]hex-3- 
10 yl)-1-(2,4-difluorophenyl)-6-fluoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-carboxylic 
acid and related antibiotic compounds. The quinoline antibiotic 7-(1a,5a,6o)-(6-amino-3- 
azabicyclo[3.1 .0]hex-3-yl)-1-(2,4-difluorophenyl)-6-fluoro-1 ,4-dihydro-4-oxo-1 ,8- 
naphthyridine-3-carboxylic acid has the chemical formula 



25 This compound and related azabicyclo quinoline carboxylic acids that exhibit 
antibacterial activity are referred to in United States Patent Application 07/551 ,21 2, filed 
on July 1 1 , 1990 and World Patent Application WO 91/02526, filed on August 16, 1989 
and published on March 7, 1991. Both of the foregoing applications are assigned in 
common with the present application and are incorporated herein by reference in their 

30 entirety. 

The novel methods of this invention may be used to prepare compounds of the 
formula 



20 



H 2 N 




COOH 



(I) 



35 
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(VII) 

which are intermediates in the synthesis of the quinoline antibiotic of the formula I and 
10 the azabicyclo quinoline carboxyiic acid antibiotics referred to above. The methods by 
which compounds of the formula VII may be converted into such antibiotic compounds 
are set forth in detail in United States Patent Application 07/551,212 and World Patent 
Application WO 91/02526. 

Summary of the Invention 
15 The present invention relates to a process for preparing a compound of the 

formula 



20 




(III) 

25 

wherein R is (C,*C e ) alkyl, (C 3 -C 6 )cycloalkyl or benzyl, wherein the phenyl moiety of said 
benzyl group may be substituted, optionally, with one or more substituents 
independently selected from halo (e.g., chloro, fluoro, bromo or iodo), nitro, (C,-C e ) 
alkyl, (C r C 6 ) alkoxy, amino and trifiuoromethyl, comprising reacting a compound of the 
30 formula 
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( I ' ) 

wherein R is defined as above, with a halonrtromethane in the presence of a base. 
10 In a preferred embodiment of this invention, the compound of formula III formed 

in the above process is a compound wherein R is (C^CeJalkyl or benzyl. In a more 
preferred embodiment, R is benzyl. 

The term - halo B , as used herein, refers to chloro, fluoro, bromo or iodo. 
This invention also relates to the process described above, further comprising 
15 reacting the compound of formula III so formed with a reducing agent to form a 
compound of the formula 



20 




(IV) 



25 wherein R is defined as above. 

This invention also relates to compounds having the formula 
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(IV) 

(IN) 

10 wherein R is defined as above. 

Detailed Description of the Invention 
The processes of the present invention and the preparation of the compounds 
of the present invention are illustrated in the following reaction scheme. Except where 
otherwise indicated, in the reaction scheme and discussion, that follow, formulas I, II, 
15 III and IV, and substituents R and X are defined as above. 




30 
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The abov reaction scheme illustrates the preparation of compounds of th 
formula Vll f which are useful intermediates in the synthesis of the quinoline antibiotics 
referred to above. 

Referring to the above scheme, reaction of a compound having formula II with 
5 a halonitromethane, preferably chloronitromethane (CICH 2 N0 2 ) or bromonitromethane 
(BrCH^NOJ, In the presence of a base yields the corresponding compound of the 
formula III. This reaction is generally conducted in an inert, polar, aprotic solvent such 
as dimethytformamide (DMF), dimethyisulfoxide (DMSO) or dimethylacetamide (DMAC), 
an inert ethereal solvent such as ethyl ether, glyme ortetrahydrofuran (THF), or another 

10 inert solvent such as benzene, toluene or a chlorinated benzene or toluene. Toluene 
is preferred. Suitable reaction temperatures range from about -78°C to about 80°C, 
with about 0°C being preferred. It is preferable to add the base last. Examples of 
appropriate bases include carbonate bases such as potassium or sodium carbonate, 
phosphorine amide bases such as 2-tert-butyHmino-2-diethylamino-1,3- 

15 dimethyiperhydro-1,3,2-diaza-phosphorine, and amine bases such as triethylamine, 
quanidine, diisopropylethylamine.tetramethyl quanidine, 1 ,8-diazobicycio-[5.4.0]undec- 
7-ene (DBU) and 1,5-diazobicyclo-[4.3.0]non-5-ene (DBN). It is advantageous to use 
an amine base and, most preferably, to use DBU. 

Reduction of the compound of formula III so formed yields the corresponding 

20 compound of formula IV. Appropriate reducing agents include borane/dimethyisulfide, 
borane/THF, sodium borohydride and a borontrifluoride* etherate mixture. The preferred 
reducing agent is borane/THF. The reduction is typically carried out at temperatures 
ranging from about 45°C to about 90°C, in an inert ethereal solvent such as giyme, 
diglyme, diethylether, diisopropyl ether or THF. It is preferably carried out at about 

25 66°C in THF. 

The resulting compound of the formula IV may be converted into the 
corresponding amine of formula V by treating H with a metal and an inorganic acid. 
The preferred metal is zinc. Suitable inorganic acids include hydrochloric acid, sulfuric 
acid. Hydrochloric acid is preferred. This reaction is generally conducted in a lower 
30 alcohol solvent such as ethanol, methanol, 1-propanol or 2-propanol, preferably 
ethanol, at a temperature from about 0°C to about 80° C, preferably at about 25°C. 

The corresponding compound of formula VI, wherein X is a nitrogen protecting 
group, Is then formed by adding a suitable nitrogen protecting group to the 
unsubstftuted- amino nitrog n of the compound of formula V. Several well known 
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nitrogen protecting groups can be used. Such groups Include (C a -C 6 ) alkoxycarbonyl, 
optionally substituted benzyloxycarbonyl, aryioxycarbonyl, silyl, trityl, vinyloxycarbonyl, 
O-nitrophenylsulfonyl, diphenylphosphinyl, p-toluenesuHonyl, and benzyl. It is 
advantageous to use di-t-butyldicarbonate or 2-t-butoxycarbonvloxyimino-2- 
5 phenylacetonHrile. The addition of the nitrogen protecting group is usually carried out 
in a chlorinated hydrocarbon solvent such as methylene chloride or 1 ,2-dichloroethane, 
or an ethereal solvent such as glyme, diglyme or THF, in the presence or absence of 
a catalytic amount of an amine base such as triethylamine, diisopropylethylamine or 
pyridine, preferably triethylamine, at a temperature from about 0°C to about 50°C, 

10 preferably at about 25°C. 

When R is benzyl, the hydrogenolytic removal of the R group from the 
compound of formula VI formed in the foregoing step yields the desired compound of 
formula VII. This is generally accomplished by reacting the compound of formula VI, 
wherein R is benzyl, with hydrogen gas at a pressure from about 0 psi to about 2000 

IS psi, preferably about 60 psi, in the presence of a noble catalyst such as palladium, 
platinum or rhodium. Palladium on carbon or palladium hydroxide on carbon is 
preferred. The temperature may range from about 20°C to about 80°C, and is 
preferably about 25°C. The solvent is usually a lower alcohol and is preferably 
methanol. 

20 When R is (C,-C B ) alkyl or (C 3 -C 0 ) cycloalkyl, the R group may be removed by 

reaction with o-chloroethylchloroformate (ACE-CI). (See Olefson et §J., J, Pro. Chem. . 
49, 2081-2 (1984) and Olefson et aJ., Pure & AddI. Chem. . 60(11), 1715-24 (1988)). 

The procedures by which compounds of the formula VII may be used to prepare 
the quinoline antibiotic having formula I and related azabicyclo quinoline carboxylic acid 

25 antibiotics are set forth in United States Patent Application 07/551 ,212, filed on July 1 1 , 
1990 and World Patent Application, WO 91/02526, filed on August 16, 1989 and 
published on March 7, 1 991 , both of which are incorporated herein by reference in their 
entirety. 

The antibacterial compound having formula I and the related azabicyclo 
30 quinoline carboxylic acid antibiotics that can be synthesized using the methods and 
compounds of this invention are useful in the treatment of animals, including humans, 
having bacterial infections. Th y are useful in treating bacterial infections of broad 
spectrum, particularly in treating granvpos'rtive bacterial strains. 
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Unrted States Patent Application 07/551,212 and World Patent Application WO 
91/02526 set f rth in detail the appropriate dosage ranges and methods of 
administration of such antibiotic compounds. These references also set forth a method 
by which the antibacterial activity of such compounds may be determined. 
5 The following examples illustrate the methods and compounds of the present 

invention. It will be understood, however, that the invention is not limited to the specific 
details of these examples. 

EXAMPLE 1 

1q. 5q, 6(>^Benzvl-6-nttrO"2,4Hjioxo>3-a2abicvclor3.1.01hexane 
10 To N-benzylmaleimide (24.3 g, 130 mmol) and bromonrtromethane (18.2 ml, 260 

mmol) was added 250 mi of toluene and the mixture was cooled to 0°C. While stirring 
vigorously with an overhead stirrer, 1,8-diazabicycIo[5.4.0]undec-7-ene (DBU) (58 ml, 
390 mmol) diluted with 200 ml of toluene was added dropwise over a period of 30 min. 
The reaction was allowed to stir for 2 additional hours at room temperature. The 
1 5 toluene layer was decanted and washed with (2 X 1 00 ml) 0.1 M HCI solution and dried 
over magnesium sulfate (MgS0 4 ). Evaporation of the solvent provided 5.4 g of the 
product which represents a 17% yield. M.P. = 114-115.5°C. 'H NMR (CDC1 3 ): 7.31 
(m t 5H, aromatics), 4.54 (s, 2H, benzylic), 4.47 (t, 1H, alpha to nitro), 3.35 (d, 2H, 3- 
ring). 

20 EXAMPLE 2 

1a. 5a. 6o^3-Benzvl-6>nftro-3-a2abicvclof3.1.01hexane 
To the 1a, 5a, 6o^3-ben2yl-6-njtro-2 f 4-dioxo-3-a2abicyclo[3.1 .0]hexane (2 g f 8,1 
mmol) from Example 1 in 20 ml of THF was added borane*THF complex (32.4 ml of 1M 
solution in THF, 32.4 mmol) and the mixture was heated to reflux for 3 hours. The 

25 reaction was cooled to room temperature and 10 ml of methanol was carefully added. 
Heating to reflux was then resumed for 15 min. The solvent was then evaporated and 
the residual oil was dissolved in 200 ml of CH 2 CI 2 and washed with water (3X100). The 
organic layer was dried over MgS0 4 and evaporated to provide 1.5 g of the product 
(light oil) which represents a 90% yield. *H NMR (CDCI 3 ): 7.35-7.19 (m, 5H, aromatics), 

30 4.63 (t, 1H, alpha to nitro), 3.59 (s ( 2H, benzylic), 3.14 (m, 2H, 5-ring), 2.49 (m, 2H ( 5- 
ring), 2.51 (m, 2H, 3-ring). 
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EXAMPLE3 

1 SL 5a. 6a-3-Benzv1-6-amino-3-a2abicvclor3.1 .Olhexane 
To the la, 5a, 6a-3-ben2yl-6-nitro-3-azabicyclo[3.1.0]hexan (6 g, 27.5 mmol) 
from Example 2 in 50 ml of ethanol was added zinc dust (18.0 g, 275 mmol). To that 
5 was added 150 ml of 1 M HCI solution at such a rate that the temperature of the 
reaction never exceeded 40°C (1 hour). The reaction was allowed to stir at room 
temperature for 3 hours after which it was filtered through Celite* The solvents were 
then evaporated and the thick white residue was digested with 500 ml of 1M NaOH 
solution for 3 hours. The mixture was extracted with (2 X 300 ml) CH 2 CI 2 and the 
10 combined organic layers were washed with brine (3 X 100) and dried over MgS0 4 . 
Evaporation of the solvent provided 4.06 g of the product which represent a 79% yield. 
'H IMMR (CDCI 3 ): 7.35-7.20 (m, 5H, aromatics), 4.62 (broad singlet, 1H, alpha to nitro}, 
3.60 (s, 2H, benzylic), 3.14 (m, 2H, 5-ring), 2.52 (m, 2H ( 5-ring and m, 2H, cyclopropyl). 

EXAMPLE 4 

15 1a. 5q. 6g-3-Benzv1-6-f(t-butvl form\ri)amino1-3-azabicvcloT3.1. Olhexane 

To the 1a, 5a, 6a^-benzyl-6-amino-3-azabicyclo[3.1.0]hexane from Example 3 
(3.75 g ( 19.9 mmol) in 50 ml of THF was added dl-t-butyl dicarbonate (4.78 g, 21.9 
mmol) and triethylamine (0.28 ml, 1 .99 mmol), and the mixture was allowed to stir for 
4 hours. The solvent was then evaporated and 75 ml of methylene chloride (CH 2 Cl a ) 

20 was added. The mixture was washed with 20 ml of water and dried over MgS0 4 . The 
solvent was evaporated and replaced with 100 ml of hexane. The mixture was heated 
until all the solids dissolved and 2.5 g of activated charcoal was added and heating was 
continued for 5 min. The carbon was filtered. Upon cooling the reaction mixture, a 
solid formed which was filtered and dried in air. The product weighed 5.1 g which 

25 represents an 89% yield. MP. = 13M32°C (white needles). 'H NMR (CDCI 3 ): 7.24 
(m f 5H, aromatics), 3.54 (s, 2H, benzylic), 3.06 (m, 2H, 5-ring), 2.91 (broad, 1H, alpha 
to amide), 2.43 (m, 2H, 5-ring), 1 .52 (m, 2H, 3-ring). 

EXAMPLE 5 

la 5q. 6a-f(t-Butvt fomivl)amino1-3-azabicvclof3.1.01hexane 
30 To 1 a, 5a, 6a-3-benzyl-6-[(t-butyl formyl) amino]-3-azabicydo[3.1 .0]hexane from 

Example 4 (2.0 g, 6.94 mmol) in 50 ml of methanol was added palladium hydroxide on 
carbon (Pd(OHyC) (50% wet) (1 .0 g, 50% by weight). The mixture was hydrogenated 
at 50 PSI for 6 hours and was then filtered through Celite and the solvent was 
evaporated to provide 1 .36 g of the product in 99% yield. 'H NMR (CDCI 3 ): 3.22-2.95 
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(m, 4H, 5-ring), 2.61 (broad, 1H, amide), 2.32 (m, 1H, alpha to amid ), 1.63 (m, 2H, 3- 
ring), 1.45 (s,9H, butyl). 
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CLAIMS 

1. A process for preparing a compound of the formula 



6 




0 



10 (in) 

wherein R is (C r C 6 ) alkyl, (C 3 -C 8 ) cycloalkyl or benzyl, wherein the phenyl moiety of 
said benzyl group may be substituted, optionally, with one or more substituents 
independently selected from halo, nitro, (C,-C fl ) alkyl, (C,-C 0 ) alkoxy, amino and 
15 trifluoromethyl, comprising reacting a compound of the formula 




(id 

wherein R is defined as above, with a haionitromethane in the presence of a base. 
25 2. A process according to claim 1 , wherein the compound of formula III 

produced Is a compound wherein R is (Cj-CeJalkyI or benzyl. 

3. A process according to claim 2, wherein R is benzyl. 

4. A process according to claim 1, wherein said haionitromethane is 
bromonitromethane or chloronrtromethane. 

30 5. A process according to claim 1 , wherein said process is carried out at 

a temperature from about -78 °C to about 80° C. 

6. A process according to claim 1, wherein said process is carried out in 
a solvent selected from benzene, toluene, dimethylformamide or tetrahydrofuran. 

7. A process according to claim 6, wherein said solvent to toluene. 
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8. A process according to claim 1, wherein said base is selected from 
carbonate bases, amino bases and phosphorine amide bases. 

9. A process according to claim 8, wherein said base is selected from the 
group consisting of sodium carbonate, sodium bicarbonate, potassium carbonate, 

5 potassium bicarbonate, 2-tert-butylimino-2-diethylamino-1,3-dimethylperhydro-1,3 > 2- 
diazaphosphorine, triethyiamine, guanidine, diisopropylethyiamine, tetramethyl- 
guanidine, 1,8-diazabicyclo[5.4.0]undec-7-ene and 1,5-diazabicydo[4.3.0]non-5-ene. 

10. A process according to claim 9, wherein said base is 1,8- 
diazabicydo[5.4.0]undec-7-ene. 

10 11. A process according to daim 1, further comprising reacting the 

compound of formula III formed in said process with a reducing agent to form a 
compound of the formula 



15 




(IV) 

wherein R is defined as in claim 1 . 

12. A process according to claim 11, further comprising reacting the 
compound of formula IV formed in said process with zinc and an inorganic add to form 
the corresponding amine having the formula 




30 

(V) 



wh rein R is defined as in claim 11. 

13. A process according to claim 12, wherein said add is hydrochloric acid 
or sulfuric acid. 
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14. A process according to claim 11, wherein said reducing agent is 
borane»tetrahydrofuran complex. 

15. A process according to claim 12, further comprising adding a nitrogen 
protecting group to said compound of formula (V) to form a compound of the formula 

5 (VI). 



10 




(VI) 

wherein R is defined as in claim 12 and X is a nitrogen protecting group. 
15 16. A process according to claim 1 5, wherein said compound of the formula 

(V) is reacted with di-t-butyldicarbonate or 2-t-butyoxycarbonyloxymino-2-phenylaceto- 

nitrrt© to form a compound of the formula (VI) wherein X is t-butoxycarbonyl. 

17. A process according to claim 15, which produces a compound of the 

formula VI wherein R is benzyl or substituted benzyl, further comprising subjecting said 
20 compound of formula VI to hydrogenotytic removal of the R group to form a compound 

of the formula 



25 




(VII) 

30 wherein X is defined as in claim 15. 

1 8. A compound according to claim 1 5, which produces a compound of the 
formula VI wherein R is (C,-C fl ) alky! or (C 3 -C e ) cycloalkyl, further comprising reacting 
said compound of the formula VI with a-chloroethylchloroformate to form a compound 
of the formula 
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20 



wherein R is (C,-C B ) alkyi or benzyl, and wherein the phenyl moiety of said benzyl 
group may be substituted, optionally, with one or more substituents independently 
selected from halo, nitro, (C,-C s ) alkyl, (C,-C fl ) aikoxy, amino and trifluoromethyl. 
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